The extent of carotid atherosclerosis evaluated by B-mode real-time ultrasound and the presence of bruits established by carotid phonoangiography were determined in 1,107 patients. Unilateral bruit was associated with increased atherosclerosis compared with no bruit {p <0.0001). However, there was no association between laterality of the bruit and the degree of atherosclerosis (/7=0.66). There was marginal evidence that patients with bilateral bruits had more severe atherosclerosis than patients with unilateral bruit (p=0.046). The relation between bruit and atherosclerosis categorized by B-mode ultrasound was not sufficient to reliably predict the presence or absence of disease in an individual patient, though the presence of a bruit should be viewed as a risk factor for, or an indicator of, increased risk of systemic atherosclerosis. {Stroke 1989;20:1331-1335)
T he perceived clinical value of detection of a carotid bruit as an indicator for an underlying atherosclerotic process has undergone a precipitous decline since 1980. Before 1965, Gilroy and Meyer 1 and Rennie et al 2 reported arteriographic abnormalities corresponding to the site of bruits in >75% of patients with cerebrovascular disease who had bruits. In 1971, Ziegler et al 3 found the positive predictive value of bruits to be 90% but also found a disturbingly low negative predictive value of 27%. Ueda et al 4 reported that 78% of patients with transient ischemic attacks (TIAs) and bruits also had >60% carotid stenosis. Such reports led Barnes 5 in 1980 to conclude that bruits are the most common sign of extracranial carotid artery occlusive disease and to note that bruits rarely occur in the absence of carotid artery disease. In the same report, Barnes 5 defined a bruit integrally related to the atherosclerotic process at that site as "the result of arterial wall vibrations induced by disturbed or turbulent blood flow immediately distal to a stenosis (narrowing), which reduces the vascular lumen by 30-85%."
Since 1980, numerous investigators have reported that a bruit does not necessarily imply a plaque in the same arterial distribution. In population-based studies, Wolf et al 6 (for the Framingham population) and Heyman et al 7 (for the Evans County population) both reported a doubling of the stroke rate in patients with bruits, but these authors also reported that approximately one half the stroke and TIA events were not directly related to the site of the bruit. In hospital-based studies, authors such as Hennerici et al 8 questioned the predictive value of bruits, noting site-specific bruit correlation in only 28% of patients with extracranial arterial disease established by direct continuous-wave Doppler ultrasonography. While Pessin et al 9 found bruits to predict underlying atherosclerosis reliably, most clinicians agreed with Murie et al 10 that "although a carotid bruit is often a marker of internal carotid intraluminal turbulence and stenosis, this is by no means always so." Similarly, by digital subtraction angiography Dugdale et al 11 showed the sensitivity of bruits as predictors of stenosis (in either carotid artery) to be 57%, with a specificity of 83%, but these authors still concluded that bruits in the elderly are likely to be related to stenosis. Using posteroanterior films of the cervical spine, Imataka et al 12 reported evidence of carotid calcification in only 43% of patients with bruits, which, while >3 times the rate in patients without bruits, was a relatively low proportion with evidence of atherosclerosis. Imataka et al 12 noted a higher stroke rate among patients with bruits, but again the side of the stroke did not correlate with that of the bruit. Lusiani et al 13 found that <20% of patients with bruits had >50% stenosis related to the location of the bruit by duplex scanning, while 71% of patients with bruits had either normal carotid arteries or minimal (<20%) stenosis.
Most recently, Ingall et al 14 have started the movement back toward the position of bruits being valuable predictors of carotid atherosclerosis. These authors reported moderate-to-severe carotid atherosclerosis (>50% stenosis) evaluated by angiography in >80% of 196 patients with bruits and similar stenosis in only 35% of 1,151 patients without bruit.
The outcome of patients with asymptomatic bruits has been examined in follow-up studies by Roederer et al 15 and by Chambers and Norris. 16 Both reports documented increased risk with a greater degree of asymptomatic stenosis and with progression of plaque. However, each report noted that the presence and location of bruits did not relate directly to underlying plaques.
These reports contributed to the recent article by Feussner and Matchar 17 and to the accompanying position paper 18 suggesting that carotid bruits alone are sufficiently benign not to warrant investigation.
We examine the relation of bruits and lumen narrowing determined by real-time B-mode ultrasound, with particular regard to laterality of the bruits.
Subjects and Methods
We evaluated 2,058 patients in the Neurosonology Laboratory at Bowman Gray School of Medicine of Wake Forest University Medical Center from January 1984 through August 1986. For each patient, basic demographic data, neurologic symptoms, and medical history (including history of stroke, TIA, cardiac disease, peripheral arterial disease, hypertension, diabetes, hyperlipidemia, smoking, and major surgical procedures) were collected by the nurse/sonographer.
Carotid phonoangiography was performed on a Narco-Air Shields (Hatboro, Pennsylvania) carotid phonoangiograph, and a visual record of the bruit (if present) was made by photographing the oscilloscope display. The characteristics of the bruit were interpreted by one of three physicians. Bruits most pronounced at the clavicle and fading distally were interpreted to be referred from the heart or great vessels, and data from patients with such bruits were eliminated from the analysis. Data from patients with no bruit or bruits interpreted to be originating in the bifurcation area at the level of the superior thyroid cartilage and beyond were analyzed.
The extracranial carotid system was ultrasonically imaged on a Biosound Compact B-mode instrument (Indianapolis, Indiana). High-resolution B-mode images were obtained using a 8.0-MHz mechanical sector-type transducer. Analog images were stored on videotape for later interpretation by a physician, and digitized freeze-frame images were used for plaque measurements. Scanning techniques included multiplanar imaging of the carotid system including anterior oblique, lateral, posterior oblique, and transverse images. For each patient, the maximum plaque extent in the common/ internal carotid artery pathway on the right and left sides was arbitrarily scored as 0, normal artery walls; 1, <1.0 mm; 2, 1.1-2.0 mm; 3, 2.1-4.0 mm; 4, >4.1 mm; or 5, no blood flow detected. Data from patients whose B-mode plaque score could not be determined because of poorly visualized arteries or indistinct lumens are eliminated from the analysis.
For purposes of analysis, the patients were grouped by the presence and location of their bruits; Group 1 patients had no bruits, Group 2 patients had a bruit on the right only, Group 3 patients had a bruit on the left only, and Group 4 patients had bilateral bruits. The right and left B-mode plaque scores of patients within each bruit status group were subsequently analyzed using general linear multivariate modeling, which is closely related to profile analysis. 19 Calculations were performed using the REG procedure of SAS.
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Results
Of the 2,058 patients, we excluded 937 because they had a bruit interpreted to be referred from the heart or great vessels. Of the remaining 1,121 patients, we excluded 14 because of poorly visualized arteries or an indistinct lumen without Doppler evidence of occlusion. This analysis is therefore based on data from 1,107 patients, 917 without a bruit (Group 1), 64 with a bruit on the right only (Group 2), 55 with a bruit on the left only (Group 3), and 71 with bilateral bruits (Group 4). Table 1 provides a description of the study population. Patients with bruits (combined Groups 2, 3, and 4) were less likely to be male, were slightly older, and were more likely to have a history of TIA and cardiac disease but less likely to have a history of stroke.
For each bruit status group, Table 2 provides the percentage of patients with a given B-mode plaque score for each carotid artery. Two patterns are shown: regardless of bruit status group there was little difference in right and left B-mode plaque scores, and Group 2 and 3 patients were more likely than Group 1 patients but less likely than Group 4 patients to have a high B-mode plaque score. These two patterns were tested statistically. For each bruit status group, the mean B-mode plaque scores are provided for the right and left carotid arteries in Table 3 . General linear multivariate modeling indicated significant differences between bruit status groups (p<0.0001). However, there was no significant difference between sides within any group (p=0.73). There was also no significant (/>>0.05) evidence that the mean Bmode plaque scores in Groups 2 and 3 were not symmetrical, that is, the right score for Group 2 was similar to the left score for Group 3, and the left score for Group 2 was similar to the right score for Group 3.
In an a posteriori analysis to determine which bruit status group(s) differed, we found the mean B-mode plaque score for Groups 2 and 3 to be higher than that for Group 1 (/?<0.0001) and lower than that for Group 4 (p=0.046); however, there was no difference between the scores for Groups 2 and 3 (p>0.05). 
Discussion
These data imply that although the presence of a bruit is related to an increased risk of carotid atherosclerosis as defined by B-mode real-time ultrasound, a bruit's location is not closely related to the laterality of atherosclerosis. That is, a unilateral bruit is associated with similar increases in B-mode plaque score for either carotid artery. This finding is consistent with the population studies of Wolf et al 6 and Heyman et al, 7 who found increased stroke and coronary mortality associated with bruits but a poor correlation between the location of the bruit and the hemisphere affected by stroke. In both population studies, the authors concluded that the carotid bruit should be considered a risk factor for systemic atherosclerosis.
That a bruit is associated with a general increase in atherosclerotic disease, but not necessarily with the location of the disease, also may explain the frequently reported lack of correlation between bruits and site-specific carotid atherosclerosis. 8 -10 -18 As other authors have noted, the bruit may arise from a wide range of conditions, some as extreme as a normal carotid artery with accelerated blood flow to compensate for a contralateral high-grade stenosis or occlusion.3.4,8,11,13 Because of the lack of laterality in the bruit-stenosis relation, bruits should be considered to predict stenosis somewhere in the carotid system. Under this approach, the reported low predictive power of bruits may be greatly improved. Consider, for example, the paper by Hennerici et al, 8 who reported on 375 patients with carotid artery examination before major vascular surgery on the aorta or iliac arteries; 123 (33%) had abnormal Doppler results. Of these 123 patients, only 34 (28%) had a bruit in the distribution in which the Doppler results were abnormal; hence, Hennerici et al 8 claimed that "if bruits are taken as the only signs of associated EAD [extracranial arterial disease] in patients with systemic atherosclerosis, only 27.6% in a group of 123 patients would have been correctly diagnosed." However, among these 123 patients, an additional 29 (24%) had a bruit contralateral to the Doppler abnormality, increasing to 63 the number of patients who had abnormal Doppler results and a bruit, for a total sensitivity of detecting atherosclerosis by Doppler ultrasonography of 51%, nearly double the reported rate. Therefore, the sensitivity is consistent with previous reports of >50%.
3 -n Coupled with the reported specificity of 78%, the presence of a bruit may be seen to be a reasonable screening test for the presence of atherosclerosis as determined by Doppler ultrasonography. This is particularly interesting because Doppler ultrasonography tends to provide positive results only when stenosis exceeds 50%.
Our results are also similar to those of Ingall et al, 14 who recently reported non-site-specific atherosclerosis of >50% stenosis (measured angiographically) in 35% of patients with no bruit but in approximately 85% of those with a unilateral bruit. However, Ingall et al 14 detected no further increase in patients with bilateral bruits. We document a similarly large difference between average B-mode plaque score in patients with no bruit and in those with a unilateral bruit, but a much smaller (though significant) difference between patients with a unilateral bruit and those with bilateral bruits. In both studies, the difference in risk of atherosclerosis between patients with no bruit and those with a unilateral bruit is much greater than that between patients with a unilateral bruit and those with bilateral bruits.
Our report suggesting that bruits are related to an increased risk of atherosclerosis in the carotid system, coupled with the outcome studies of Roederer et al 15 and of Chambers and Norris, 16 who have documented that both high-grade stenosis and advancing stenosis are highly significant predictors of subsequent events in asymptomatic patients, calls into question the recent recommendations against noninvasive testing in asymptomatic bruit patients.
There are three specific points of concern. First, only by studying and monitoring patients suspected of having advanced or advancing stenosis can any informed treatment decisions be made. The identification of patients susceptible to the development of atherosclerosis allows intervention in a number of ways. Feussner and Matchar 17 assume that the only treatment for patients with documented atherogenic plaques is carotid endarterectomy, hence discounting the merit of aggressive risk factor modification to prevent the advance of carotid plaque. These interventions may not prove useful once advanced plaques are established; however, the interventions could play a role in preventing plaque progression. Similarly, patients with high-grade stenosis of the carotid system are at increased risk of coronary events, and evaluation and intervention by cardiologists are likely to be fruitful.
Second, while we agree that the efficacy of carotid endarterectomy has not been established, denying the patient and his physician the knowledge that a plaque is rapidly progressing to occlusion is ethically questionable. Provided with the current information on the prognosis of advancing high-grade plaques and estimates for stroke following occlusion as high as 5%/yr, 21 we believe the patient and the physician must make an informed decision concerning the treatment of advancing plaques. The identification of such a high-risk subgroup may simultaneously delineate that segment of the population in which carotid endarterectomy is most efficacious. There are several large-scale randomized endarterectomy trials in both asymptomatic and symptomatic patients that are directed to resolving this ongoing scientific debate.
Finally, a number of the assumptions employed by Feussner example, the relatively low estimate of 30% for the positive predictive value of a bruit would be increased if the bruit were used to predict systemic rather than site-specific disease. Conversely, criticism can also be directed at our study. Our patients were not a sample of the general population, and selection bias must be considered in our interpretation of the results. However, our study does have the advantage of a relatively large sample size and the identification of relatively many patients with a bruit.
Even though there is a statistical relation between bruit and atherosclerosis, for an individual patient, the relation does not predict the site of disease. Table 2 shows that the chance of having a plaque >2.0 mm in width increases from approximately 44% for no bruit to 68% for a unilateral bruit and to 79% for bilateral bruits. While these differences are statistically significant, they are not sufficient to conclude that a bruit implies increased carotid atherosclerosis; rather, they suggest that the presence of a bruit places the patient at increased risk of having more severe atherosclerosis.
